Dkt. #625 



Application 
for 

United States Letters Patent 



To all whom it may concern: 

Be it known that TUO JIN, LI CHEN AND HUA ZHU 

have invented certain new and useful improvements in 

STAB LI: POLYMER AQUEOUS AQUEOUS EMULSION SYSTEM 
AND USES THEREOF 
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STABLE POLYMER AQUEOUS/ 
AQUEOUS EMULSION SYSTEM AND USES THEREOF 

5 Throughout this application, various references are 

referred to. Disclosures of these publications in 
their entireties are hereby incorporated by 
reference into this application to more fully 
describe the state of the art to which this 
10 invention pertains . 

BACKGROUND OF THE INVENTION 

15 While more and more biological therapeutic agents 
have become available due to the advances in 
molecular biology, immunology and microbiology, 
pharmaceutical development (e.g. development of 
appropriate dosage forms) for delivery of these 

20 proteins is behind the state of art -of 
t i c te rhn o logy . The situation is attributed to t he- 
difficulties in formulating tnese agents which are 
less permeable to tissue membranes, highly 
de g r a dab 1 e at the sites o f a dm i n i s t r a t i o n a nd 

25 therapy, short shelf life, and structurally 

susceptible during conventional formulation 

processes . To develop commercially available a no 
patient compliant dosage forms for these 
therapeutics, the above-mentioned issues must be 

30 addressed respectively. 

1 n e d i s c 1 o s e d are a n o v e .1 ma terial syst em. n ame :i 
polymer aqueous/aqueous emulsions and ire 

pharmaceutical and biotechnolc gical applications. To 
35 meet, desired therapeutic purposes such as sustained 

release, targeting to therapeutic sites, extension 




chemical and bio-logical therapeutics need to te 
microencap sulated [1,2] . Emulsificarion is a key step* 
in microencapsulation during which active 

ingredients are incorporated into the dispersed 
5 phase. Conventional emulsions are made by 

dispersing a h y a r op h i 1 1 c p n a s e (dispersed p h a s e ) 
into a hydrophobic phase ? continuous phase) or vice 
versa (W/0 or 0/W) [31 . For microencapsulation c- f 
protein therapeutics, a double emul s i f i cat ion 

!() process, called water-in -oil-in -water {W/O/Wj 

emul s i f ica t ion, is used. The protein solution is 
first dispersed into a polymer solution dissolved in 
an organic solvent, and the resulted emulsion is 
further dispersed into a dilute aqueous solution of 

15 another polymer, followed by solvent evaporation cor 

extraction. The manor problem associated with the 
conventi'jnal microencapsulation procedures is that 
the protein molecules may be denaturated by 
contacting with the organic solvents which are 

20 indispensaole in the processes . Alt he- ugh surfactants 

and/ or hydrogel solutions are used in the first 
emu Is i f i cat ion to protect the pr :■ t e i ns [4 ' 5] , they are 
only effect i v e t o certain re 1 a t i ve 1 y stable 
proteins . A microencapsulation process which is free 

25 o f organic solvents is highly demanded. 

For aqueous systems, part i :les may he formed through 
v a r i o u s p i e c i p i t a t i o- n me chanisms s a c h as s a 1 1 i n g 
out [6] , acid-base interaction 171 , pH assistant 
30 p> recipitatic-n . F o r these mechanic m s , c o n c e n t r a t e d 

salts, extreme pH or p-rotein (ionic) cross-link 
agents are unavoidable. These are all considered 
chemical hazards to the activity of bio- logical 
therapeutics . 

35 
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Two polymer aqueous solutions may be immicsible due 
to their chain length ani structural difference 183 . 
Such pclymer aquec us two-phase systems (which are 
not. emulsions but blcck phases) are practically usee 
5 for prctein pur i f i rat ion 18/91 . Their aqueous nature 

and relatively low inter facial tension provide 
e x cellent corrp a t i b c 1 i t y with soluble p r o t e i n s in 
terms of preventing protein conformation change. 
Protein purification is based en their partition 

10 which favors one of the aqueous polymer phase with 

imp uritie s p artit: o nin g i n t o t h e o ther. T he 

practice of protein purification is evident that 
proteins can be distributed into one of the aqueous 
phases with biological activity intact. This two- 

15 plnase system readily forms two block phases after 

mixing. For microencapsulation purpose, however, a 
stable emulsion must be formed with the two polymer 
a q u e o us solut i ons . 



20 This invention is aimed t :< address the above- 
mentioned issues and to develop a new formulation 
strategy for susceptible therapeutics especially 
biological agents. 
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SUMMARY OF THE INVENTION 

The present invention provides a stable 
aqueous/aqueous emulsion system which is prepared 
5 w i t. n a h yd r ;>ph i 1 1 c p a 1 yme r . 

This invention also provides the method :>f prepari:.: 
a stable aqaec us / aqueous emulsion compidsinq steps 
of: a) select in g appropriate polymeric materials f ■: r 

10 dispersed phase and continuous phase which are 

immiscible, biocompatible and have b rase si partition 
to the active ingredients to be encapsulated; b) 
selecting appropriate surface modifiers which are 
cnarged, non-toxic, and possessing a mo aerate 

15 inter facial tension between the aoove two phases; c) 

developing phase diagram for the above; and d) 
dispersing the dispersed phase into the continuous 
p h a s e u n d e r a n a p p> roc riate shear stress. 

20 r 1 i n all y , t h e : n v e n t i o r. p r o v o - 1 e s an e n c a p s u 1 a t i ■: n 

o c mo rising trie em u 1 s i o n s y s t e m which is prepared 
w i t n a hydro}.: h i 1 1 z p :■■ 1 yme r . 

T h e present i n v ent i on demo n s trat e s a staole em u 1 s i : n 
25 s y s t em w h i oh f ;■ r o v i:es the s z .1 u 1 1. o n fcr all t h e 

problems raised above by that both the dispersed and 
t h e continu :■■ u s t 1 1 : a s e s are for me d f r om a qu e o u s 
hot ions wuhar: z on cent r ate d salts, extreme pr. , 
a nd other c h e meal hazards. 

30 

Water soluble r, r ot e iris , liposomes, live viruses and 
other therapeat ic agents can i: e microencapsulated ooi 
t h e bases of t h err partitic n f a to r i n g the dispersed 
p :o a s e , and released or r e c a n o t i t u t e d u p o n o r p rici" 
3 5 t a a dm i n i s t r a 1 1 o n w i t h their o riginai mo r p h c log y and 



The emulsion can be dried to fine powder through 
frieze-drying, spray drying and other methods, and 
subjected to further treatment: coating, douole- 
mio:rc>encapsulat ion , compressing and other procedures 
5 oy which a variety of pharmaceutical d:sage forms 

ir.r.luding controlled release systems and targeted 
delivery systems oan l;e prepared. 

:1 r biological agents inducing live viruses-, 
10 encapsu la t i on into the dry form can not only improve 

their stability and s n e 1 f - 1 i f e , hut also a vo> i d 
expensive cold- chain (-2 0 C C) in transportation and 
application. This is important for many developing 
countries w hie re cold- chain is not available. 

15 

All the polymer materials used in the invented 
emulsion system (including dispersed phase, the 
:cntinuous phase and the surface stabilizing agent) 
are biocompatible and good for internal use on 
20 humans . 
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DETAILED DESCRIPTION OF THE FIGURES 

Figure 1. Polymer aqueous/aqueous emulsion system. 

Polymer solution A and polymer solution B are 
5 immiscible, thus A can be dispersed into B under a 

sr.ear stress. The third polymer carries charge and 
is fairly imm iscifcle with c <: t h A a r: d 3 at 1 :>>; 
concentration, so that it tends t he rich at tne 
interface of A and B, and forms a charged surface. 

10 The charged surface effectively prevents aggregation 

and fusion of the 'dispersed phase ■ S e e Example 1 in 
t he para g raph) . T h e r a p e u tic a g ents s u c h a s 

proteins, Liposomes and viruses are partitioned anol 
encapsulated in the dispersed phase ar.d subjected to 

15 lyophlization {See Examples 2, 3 and 4 > . 

Figure 2 . Microscopic image of polymer 

aqueous/aqueous emulsion. 

20 Figure 3 . Secondary surface modification of polymer 

aqueous droplets dispersed in a polymer aqueous 
continuous phase . 

T h e s u r f a c: e o f i h e d i s p e r s e d phase in Figure 1 can 
be further modified fcr functior.i zation (See 

25 Additional appl ica t ions in the paragraph) . 

P e rme a b i .1 i t y b am e r can b e a s s eirik led on the s u r f a c e 
b y i o n l c c r oss-lin k i n g w i. t h a d e g r , i d able p o 1 ym e r 
h a v i n g cpp csite o n a r g e , o r t y ass emb 1 y of a 1 i p i oi 
bi layer having opposite charge . Release rate of 

30 ercapsul a t e cl therapeutics o o. n be adjusted by 

selecting tne :ross-linking pclyn.er in terms of 
chain length and structure of desired degradation 
rate ( poly ami no a :: id or po-lypept ide for example) . 
Targeting moeieties (antibodies or ligands) can be 
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or hydrophobic interaction 'in thv; 
or layer assembly) . 



:ase of 1 ip id 



Figure 4 . Microspheres prepared by double- 

ts microencapsulation through solid-in-oil-in-water 
emulsif i cat ion 

The powaer formed ty drying of the aqueous /'a que : us 
emulsion can be further encapsulated into 
.oydrophoc ic , de tradable polymer microspheres. Since 

10 methane dicnloriie, a comm:nly used solvent in 
p :lymer microsphere preparation, disss- Ives phase 5 
(the continuous phase of the A/ A emulsion) but does 
not intera c t w i t h p h a s e A ■; t hi e d i s p e r s e d p n a s e ) , t h e 
phase B can i: e removed from the lyoj: hi 1 i zed powder 

15 simply by washing with the solvent. Microspheres 

which encapsulate the lyophilized powder possess 
more hydrophobic matr::x if the phase B is washed 
cur, but less hydrophobic if the phase B remains. 
This structural difference can affect degradation 

20 rate of the pclymer matrix ana ;liffusi:n rate 

r h. rough the p o 1 y m e r matrix, t n u s t r : e r e 1 e a s e p r o f i 1 e 
o f enca p s u 1 a t e d 1 1- 1 e r apeutics can be a d j u s t e d b y c h e 
content of the phase B remained. 

25 Figure 5. Nano-sized preparation using polymer 

aqueous/ aqueous emulsion . 

N a n o -me t e r - s i z e d crystals and c t h e r a s s emb 1 i e s 
formed from two reaccants can be prepared using the 
e mu 1. s i. o n s y s t em ( See r e f e r e n c e [14],). Reactant A i s 

30 u s u a 1 1 y thos e v; h i c h part i t i :: n e d a n d e n c a p s u 1 a t. e d 
i n t o 1 h e d i s p e r s e a p h a s e . F: e a ctar. t B is t n ose w h i c n 
are distributed to both phases. Since A is isolated 
with 1 iir i ted quantity on each micro-size;; droplet., 
w n e n the as s emb 1 y p recess p r o ceeos, t h e limited, 

3 5 a c c e s s i b i 1 i t y o f t h e r e a c t a n t s e n s u r e s a s m all sized 
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product. Nano-sized preparation is useful in 

produce of both therapeutic and diagnostic agents. 

Figure 6. Microscopic image of reconstituted 
5 AmB/liposomes (of SUV) which were freeze-dried after 

loading into the polymer emulsion 

Liposomes encapsulated intc the polymer emulsion 
system, followed by 1 yophi 1 i zat ion , are net visible 
after reconst itut ion , indicating that their small 
10 unilamellar structure is protected by the polymer 

emulsion system. 

Figure 7. Microscopic image of reconstituted AmB/SUV 
15 which were freeze-dried without loading into the 

polymer emulsion. 

Small liposomes (SUV) after direct lyophili zat ion 
shows large particles when reconstituted, indicating 
aggregation and fusion of unprotected liposomes 
20 during the drying process 



Detailed Description of the Invention 

The present invention provides a stable 
aqueous/aqueous emulsion system which is prepared 
5 with a hydr ophi 1 i c polymer. This invention also 

provides the method of preparing a stable 
aqueous /aqueous emulsion comprising steps of: a) 
selecting appropriate polymeric materia Is for 
dispersed phase and continuous phase which are 

10 immiscible, biocompatible and have biased partition 

to the act! v e ingre j: e n t s to be encapsulated; b ) 
selecting appropriate surface modifiers which are 
charged, non- t ox i c , and possessing a moderate 
inter facial tension between the above two phases; c) 

15 developing phase diagram for trie above; and d) 

dispersing the dispersed phase into the continuous 
phase under an appropriate shear stress. This 
invention further provides the above a que ous / aqueous- 
emu 1 s i. o n s y s t em w i t h p: 1 y me r i c surf a:e mo d if le r . 

20 

In addition, this invention provides a method for 
encapsulating protein or peptide comprising the 
above emulsion system. In an embodiment, the 
encapsulated protein o=r pep' tide is used for 
25 sustained release formulations or dry powder 

f o rmula t i : ns . 

This invent! :n further- provides an encapsulation, 
comprising the emulsion system which is prepared 
30 with a hydr ophi lie polymer . In an embodiment, the 
encapsulation encapsulates protein, peptide, virus, 
b a c t e r i urn , or cell. 

This invention also provides a Irposon e-base^ dru: 
35 formulation which comprises the above emulsion 

system. Still further, the in v e n 1 1 o n p r o v i d e s 



viral, bacterial or cell microencapsulation 
comprising the above emulsion system. 

This invention also provides the nano-sized 
5 preparation compiris ing the above emulsion system. 
In an embodiment, the preparation is nano-sized 
crystallization, nano-sized precipitation or other 
nano-sized assembly. 

10 Finally, this invention provides a diagnosis kit 

comprising the above emulsion system. 

The polymer aqueous /aqueous emulsion system 
described in this invention is fundamentally 

15 different from existing emulsions which are prepared 

by dispersing a hydrophilic phases into a 
hydrophobic phase or the vice versa. This 
difference is extended to the so-called water-in- 
■oil -in- water (W/O/W) emulsions. In any of these 

2 () c n v e n 1 1 n ^ 1 e m u 1 s i o n s , p n a s r z s e p a r a 1 1 o n o c c u r s 
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between an aqueous phase and a wat e r- immi s cib 1 e 
organic phase. In the case of the present 

invention, phase separation occurs between two 
a qu ecus p- h a s e s . 



The emulsif ication process is distinct from those 
precipitation processes from aqueous solutions which 
are based on salting out, acid-base interaction, and 
pH-assisted precipitation. In the invented 

30 emulsif ication process, such mechanisms which rely 

on application cf concentrated salts and extreme p-H 
are not. involved. Instead, phase separation between 
two polymer aqueous phases is due to positive 
enthalpy of mixing, (AH M ), and reduced entropy of 

3> mixing, (AS : . : ) , as polymer chain increased. 




This system is alsc different from polymer aqueous 
twj-phase system which is used in protein 
purificati.cn. In addition tc phase separation, the 
dispersed drop: lets must be stabilized tc prevent 
5 fusion. This is a c c crnpl 1 shed by in t reducing a third 

aqceous polymer which is charged and adsorbed at : he- 
inter f a o e b e t v/e en the t w o c mm is c 1 tc 1 e i: : 1 ym e r phases. 
The surface charg e s b r o u g h t b y c 1c e t h i r d p- o 1 y m e r • 
e f f e o t i ve 1 y pi even: a g g r e gate on and fusion of t h e 
10 droplets. 

In the present. invention, applications of the 
polymer aqueous/aqueous em a Is ben system in 
pharmaceutical formulation were examined by 
15 microencapsulation of three represenoitive agents: 
liposomes, proteins and live viruses. The new 
emu 1 s i o n syst en; sh ewe d e n cc u r a ~j i n g r e s u It f o r e a con 
t y p e of the agents, i n d i c a t i n g i t s u s efulness i n 
f o rmu 1 a t. ing susceptible therapeutic agent, s. 

20 

Liposomes are used for f orir.ulat irg pharmaceutical 
dosage forms for intravenous noection (IV) [10] . bo r 
IV administration, the liposomes must be prep* a red 
3 no maintained in the form of small uni lamella 

25 vesicles (SUV;'. However, -daring snelf time, the SUV 

aggregate and fuse tc form large particles. The- 
emulsion system may effectively pro: ect and preserve 
t he 3 U V struc c u r e of lip o s ■: me s b y e r . c a p- s u 1 a t i n :j t h em 
i n t o t h e d i s p e r s e d p h a s e a n d 1 y o p h 1 1 z i n g t o c; r y 

30 p'jwde r . In -cur study, the protected SUV structure 

was reconstituted simply by adclirxj water to the 
lyop'hlized pewder (see Figure 6 . Ac the control, 
un-encapsulated SUV liposomes were lyophlized and 
re -hydra ted, arid founo that the original SUV 

35 morp'hology was lost and converted to large 

mu 1 1 i lame 11a vesicles ( s e e Figure 7 ■ . 



In developing sustained release dosage forms for 
proteins, preventing der.at ura t ion of the therapeutic 
proteins in the formulation processes is a key 
5 issue. Denatu rat i c :a of pioteins in formulation 

processes is mainly cue to contact with :■ r g a n 1 c 
solvents used and strong i n t.e r f a o ia 1 tension between 
the dispersed and the continuous phases. The 
present invention 'Offers a formulation environment 

1 (J a n i ch is free c f t h e s e c h em i c a 1 hazards f u n d i n 

c on vent . l -on a I mi c roenc ap sula t. io n proce-sses whicn are 
regarded as the cause of protein denat ura t ion . As 
a n e xarnp 1. e , a cc n f ■:■ r ma t i on - s ensi ti ve enz yme , ( p- 
g a 1 a c t o s i da s e , w a s e n c ap s u 1 a t e a 1 with the p o 1 yme r 

15 aqueous / aqueous emu Is i f icat i on technology and 

c ompa red 1 1 s actovi t y w i t h that, u r i - e n c a p s u 1 a t e d (the 
positive control; and tha: encapsulate':! with the 
convent io nal W/0 method (the negative control! . The 
enz yrr.a tic activity of the c> ret e i n a f t e r r e lease was 

20 comparable with tne positive control, while that 

formulated with the W/O method snowed no activity. 
' i h e res u 1 1 c on: i :r m s our hi y p :■ t h to s i s t hi a o p r o tern 
conformation can he preserver during this new 
in i c roencaps ul at ion pro cess . 

25 

In addition to pr: tec to. on of proteins from '.contact 
w i t h organic solvents, the p. i: e s e n t system offer s 
mo- re useful p'hysioal chemical mechanisms in 
controlling releas e d r ate a :c :1 r e leas e. p rof lie of" 

30 encapsulated protein therapeutics . For 

biodegradable polymeric druu delivery systems, 
release rate of encapsulated therapeutics depends or. 
the rate of degradation i chemical reaction) . 
However, manipulating the r a t e o f a c h em i c a 1. 

35 rea :ti o n in v i v : is difficult d u e to the 

r estrictions i n chanai n a reaction conditions such as 



• 



temperature. For the microspheres made r y the 

solid-in-oil-in-water methods, sin:e the p^hase 3 
(PEG) sari be co-dissolve j with the hydrophobic 
polymer ( such as PLGA) , the naoure of t he polyme r 
5 matrix such as h y dr op- h i 1 1 c 1 1 y / h yd r op- hot- i c i t y , 
swellability and the rate of hydrolysis, can be 
adjusted by the content of the phase E ( P E G ) in the 
hydrophobic matrix (see Figure 4) . Moreover, 
release or PEG can c pen channels for dissolution of 
10 the phase A (dextrari'i, thus lead to a diffusional 

me on an ism for protein release. 

Ap'p 1 i c a t i o n s o f t, h is new mat e r i a 1 s y s t em h a v e be e n 
extended to formulation of live viruses. Live 

15 viruses are used in some human vaccines and many 

veterinary vaccines. To ma i n t a i n the v i r a 1 a c t i v i t y 
in infecting cells, cold -chain '-P0 <: C: is required in 
: r ansp'O rt a t i on and application or vital va:.cines and 
other viral products . With the present invention, 

20 the viral products may be prepared as dry powder 
w i t h o u: losing their a c t i v i t y , s o t h at r o om 
t enip erature ina mtenanco will ;: e p o s s i 1 ? 1. e . in a 
p> r e 1 i m i n a r y e >: perim e n t , cytcrr. e g a 1 o v i r use s ( CM V ) 
were encapsulated with the aqueous/aqueous err.ulsion 

25 system, followed by Lycphlizat l : :\. Tne dried viruses 

wo- re then reconstituted with buffer and incur.) a ted 
w i t. h h uma r. foreskin fiber bias t cells. T h e 

infection activity -of the encapsulated viruses was 
z :>:npare :i w ith fresh viruses ipontive contr:! ) and 

30 v i r u s e s .1 y c p h 1 i z e d w 1 1 hout t n e emulsion syste :n 

(negative control) . /-.gain, an unequivocal result 
was a 1 1 a i r i e d that the encapsulated viruses s h owe d an 
activity ;: comparable to the positive control while 
the negative contrcl s hawed no infection. 

35 
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Details of the Invention 



Example 1: Preparation of Polymer Aqueous /Aqueous 
Emulsion 

5 

Method 1 



Dextran (MW 100,000 to 1,000,000) and sodium 
alginate (low or medium viscosity) were diss rived in 

10 water at the dextran concentration cf 10 tc 50 w/v% 
and dextran to alginate ratio of 10:1 to 30:1. This 
s o 1 u t i o n is n a n e d solutio n A . A n a :\ u e ous s o luti o n , 
named solution B, containing polyethylene glycol 
( PEG, MW 1,00 0 to 1 P , 0 0 0 ) was prepared with PEG 

15 concentration ranging from 10 tc- 40 w/vo. Solution 

A w a s a ride d i n t c solution B at t tie v d 1 u:n e r a t. i o f r om 
1 : 0- . 7 tO' 1:5 under a shear stress > stirring o r 
homogeni zing ) . The particle size ■distribution, 

which may be measured using a partible sizer loir 

2() appropriate range, ranged as a function of the shear 

stress applied. Stability of t h e emu 1 s i o n s y s t em 
was examined by placing it. at roijm temperature for 
several weeks . Fusion was not observed (See figure 
i ) • 

25 

Method 2 



Solution A was prepared with Dextran (KW 100,000 to 
1,000,000- only at the concentration of 10 to 50 

3() w / v . . Solution B containing PEG and alginate of the 

a b o ve -men 1 1 o n e d mo 1 e c u 1 a r v; e i g h t v; as prepare:!. T h e 
concentration of PEG ranged from 10 to 40 w/v% anoi 
PEG to alginate ratio ranged from 10:1 to 33:1. 
Solution A was dispersed into solution B with the 

35 same procedure as above. Stable emulsions were 

prepared as method 1. 
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Example 2: Encapsulation of liposomes 

Partitioning of Liposomes 

5 

Solution A, dextrin 30 w/v% and solution B, PEG 25 
v.'/v% were prepared. Small unilamellar vesicle i SUV) 
liposomes were prepared by sonication of a 
phospholipid (DOPC with 2h fluorescent lipid) water 

10 suspension (lipid/water = 5 - 10 mg/ml). Prior to 

sonicat ion, the lipid- water suspension was sealed 
with nitrogen. The sonicat ion was sustained, with 
an interval for each 2 mm. until the milky 
suspension converted to a transparent liquid phase. 

15 The resulted liquid was examined using a microscope, 

and no visible liposomes were found. The liposome 
suspension was added into solution A and well mixed, 
so that solution A became colored (yellow). Then 
solution A with liposome suspension was added to 

20 same solution B of the same volume, followed by 
stirring for 1 C m i n . After t he emu 1 s i f i e d soluti on 
( containing A and B) was allowed to settle for 10 
mi.n, the cloudy emulsion became two clear bloc-; 
phases. The dextran phase, which at the bottom, was 

25 yellow, while the PEG phase was colorless. This is 

evident that the liposomes are mainly distributed in 
the dextran phase. 

Encapsulation and 1 yophl izat ion of liposomes 

30 

Solution A and B, same as in Example 1, were 
p r e p a r e d . Small 1 i p o somes ( S j V ■ were prepared as 
above without fluorescent lipids. The liposomes 
were first dispersed in solution A, followed by 
35 further emulsif icati o n w i t h solution B . The 

resulted emulsion was all o w e d to settle o v e r night, 



and no precipitation was observed. The sample was 
then frozen and subjected t-: a lyophlizer with 
v a z uum better than 1 0 ~ ~ tor r f :■ r ever n i g h t . 

5 The resulted dry powder was reconstituted by readily 

disserving :n water. The so^utirn was clear and no 
visible lip os orr.es were f ounc under a microscope (See 
Figure 6) . For coniparis :r. , the same liposomes 

suspension was lyophlizeoi directly without 

10 disp-ersing into the po-lymer solutions. A riding water 

t o the di recti y 1 y o ph 1 o z e a p w d e r r e s u 1 1 e a in a 
milky suspension, arid large (visiole) liposomes were 
identified under a mi ores cc pe i 2ee Figure 7) . This 
experiment indicates that aqueous emulsion system 

15 ran effectively protect the S1V structure from 

cod lapse during 1 yoph 1 i za t io n process. The liposome 
■ :: o Y ) suspense or; was also oi i s p e r s e d i ri t c a de x t r a n 
solution (solution A in tlx ample 3) , followed by 
1 yor. hi i za t ion . Instead of tine p owder, a hard blooho 

20 was resulted from this procedure. Dissolving the 
block sample required vortex for approximately t 
in i n . 

Example 3: Activity of fi-ga.la.ctoslda.se after 
25 microencapsulation 

Encapsulation cf /f-galactos id-jso 

B eta-qalactosiaase ( i 0 0 J u n i t / m 1. ) , 2 u 1 , was a dd e ol 
30 i rot o 0.2 5 ml solution A {same as in example 1 ) , and 

n [ i x e d with pipetting. The resulted s o 1 u t i o n w a s 
oispersed slowly into solution B (example 1) under 
stirring at room temperature. The volume ratio of 
solution A and B was 1:1. 

15 
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Encapsulation efficiency of the protein in the 
dispersed phase (the jextran phase) was examined by 
enzymatic activity of the protein in hydrolysis o: 
t - nit r op-hen yl -bet a-D-qalactop-y r an 'is ide . Prior to 

en:-yir.at.i: activity test, the dispersed phase was 
■: e p- a rated f ri m t h e ccntmu :> u s p base t y 

:hio r ir'ijgation at 5 C 0 G for 1 minites. 

A solution containing 3C :v,K M :j , 5 0 mM sodium 
p no s p h a te, and 1 0 m M o n .1 1 r o p h e nyl-beta-D- 

■ :i a 1 a c t o p y r a n o s i lie ( t h e s u b s t r a t e t wa s p r e pared f o r 
a s s a y of the en:: y :n a t i ■:: a < j t :vit y . This r e a c t a n t 

::0.iv:t ii.:ti, 0.3 mi, was mixed with eacn 0.5 ml cf tne 
lextran an 1 Ptlo phases separated as above, 
r e s pectivel y . T h e t wo a s s ay s a rip 1 e s w ere t h e n 

incubated a: 3T V for 2 0 minutes, followed by 
addition of 0.2 mi 1 M NaOCO'l :u\to eacn of them no 
terminate the reaction. Since the produst of the 
i e a u t i o n s h o w s ye 1 1 o w c :■ 1 o r , t n e s amp 1 e s were 
u i ' ■ -. e c t e d t c a p h o t on i e t e r a n d a b s o r p> t i o n at 4 2 0 run 
was recorded. The abscrbar.ee was 0. :2 and O.C'8 for 
t. h to dextran p h a s e a n d t he :EG phase, r e s p> ect i v e 1 y . 
T n i s r e suit i nd i c a t e s that e n c a p s u 1 a t i c r i e f f i c i e n ■:; y 
is approximately OoO. 

Protection of protein activity 

To examine the c : :•: pa t ib 1 1 i t y of tnis emul s i f i c a t ion 
process with conf :i:nati :cal sensitive proteins, tne 
e n :: yma tic aotivit y o» f e n c a p s u 1 a t e d \\ - j a 1 act o s i das e 
was compared with two references. one was .i 

yos itive contr ol tlmt the fV-qala :to?idase so lutio:i 
w .a s added into t h *. * r e a ot.an: s o 1 u 1 1 ■::» n d i r e c 1 1 y . The 
o t. h e r wa s a necat: v e control that 2 (_i 1 of the enz y me 
solution was added to 0.22 ml solutic n A (prepared 



as in example 1), followed by dispersing into a 
mineral oil. The protein in the W/0 emulsion was 
recovered by washing ihe oil away with acetone and 
re -dissolving the pellet. After adding the reactant 
5 solution and incubation as above, the absorbame 

recorded was 0.E1 and 0.00 for the positive and the 
negative controls, respectively. The result is 

unequivocal that the enzymatic activity of (3- 
ga la ctos idase was preserved during the 

10 microencapsulation process with the aqueous /aqueous 
emuls i f i cat ion but destroyed with the conventional 
W/O p recesses . 

Example 4 : Dry formulation of live vlimses 

15 

Microencapsulation of cy t omega lo viruses 

Microencapsulation of cy tomegal o viruses (CMV) was 
carried out under a procedure similar to that for 

20 liposome in example 2. Solution A containing 25 

w / v ; = de x t r an 5 0 0 T , 2 w / v °. s o d i urn alginate ( me d i urn 
viscosity), 50mM Tris and 100 mM sodium chloride, 
and solution B contains 25 w/v% PEG 8 000 were 
prepared for microencapsulation. CMV suspension, 5 

25 (ill in arbitrary unit was mixed with 0.4 ml of 

solution A, and then dispersed into 0.3 ml of 
solution B under magnetic stirring. While the 

initial volume of solution A was larger than that of 
solution B, the fcrmer still formed the dispersed 

30 phase. The emulsified samples were subjected to 
1 yophli za t ion as for liposomes in example 2 to form 
dry p owde r s . 

3> 
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Infection activity 

The assay viral activity in infecting cells, four 
samples were prepared: 

5 

1.) :MY in Tli cuffer =5C riM Tr:s, 100 mM NaCl), 
without 1 yophli zat ion ; ( + control) 

2) CMV in TN buffer, lycphl i zed; (- control) 

10 

1) CMV microencapsulated but without 

lyophli zat ion ; 



4} CMV microencapsulated and 1 yophl i zed ; 

15 

After 1 y op h 1 i z a t i o n , s amp 1 e 2 and 4 v; ere placed at 
room temperature tor a day, and reconstituted by 
adding more T1J buffer which dissolved the polymer 
powder. Then the four samples were incubated with 

20 human foreskin fiber blast cells. Each of the 

sample was diluted to six concentration (ten times 
different between two adjacent concentrations) and 
.added to six d i s h e s o f t. h e c e 1 1 s , r e spectiveiy . T h e 
infections were. 1 monitored by formation of patches of 

25 t n e linear cells o n the d i s h e s . A ft e r i. n c ub a t i o n 

for a week, microencapsulated viruses ■ sample 3 and 
4) showed comparable activity in infecting cells, 
but the activity was lower than that of the positive 
control (sample 1) . The negative centred (sample 2), 

30 however, showed no- infection on any of the six 

dishes. The result is evident that tne 

microencapsulation approach can protect viruses 
curing lyophli zati on and lead to an active (dry 
powder viral formulation. 

3? 



Additional applications 

Controlled release and targeted delivery of 
■ ; herapeu t ics 

5 

The charged surface of the dispersed duplets can he 
further modified through icns ore s s - 1 i n ki nc with a 
polymer of opposite charge (Figure ?.]• . Such charged 
polymers which are degradable and biocompatible are 
10 available (polypeptides, r olyamor. oacids [5], and 

■rhitosan, f o r e x amp 1 e ) . 3 y s e 1 e c t i n g the cross- 
J inking agents (in terms of cegradat.ion rate and 
dissolution rate), release rate of encapsulated 
therapeutic agents can be adjusted. 

15 

The surface charge can be used to immobilize 
targeting moieties on the surface for cell- targeted 
delivery of therapeutics. Li gauds or antibodies can 
be co-polymerized with a charged polyaminoacid [5], 
20 and immobilized on the particle surface (See Figure 

) . 

The surface charge can also- be used to assembly a 
phospholipid bilayer which enclosed the particle 112, 
25 13} . A supported phospholipid bilayer provides bio- 

function and cell surface environment to an 
artificial surface 1141 which allows functional 
membrane proteins be immobilized and reconstituted 
on the surface. 

30 

■■Ja no - s i zed p rep a rati o n 

Mano-mete r-s i zed (crystals and other solid particles 
are actively used in therapeutic ( n a n o - c o c h 1 e a t e s 
35 [14]) ana diagnostic (colloidal gc Id) agents. With 

the aqueous , 7 aquec us emulsion system, one of 
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rea:tants may be isolated into the micro-droplets 
waiting for the other react ant, which may he ions or 
other precipitation /crystallization agents, to 
diffuse into the droplet and initiate the reaction. 
Because one of the reactant in isolated in the 
micro-sized d rep lets, the growth of the (crystal or 
other assembly is limited due to the limited 
accessibility between the reactant molecules. 



10 
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